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@ AnHmiciDblal ethylene copolymers and compositions thereof.' 

t/Vn antimicrobial substance contains as an active ingre- 5% by «veigiit. 
nt an etti ylena copolymer eomprislna 40 to 95% by weight erf The copolymer can be used as an aquous dispersion or as a 
ethylene, 5 to eCflJo by weight of at least one d lall^iaminoaikylac ::_ molded product, or in amount of 0.1 to 60 parts per 10O parts of 



rylamide comonomer represented by: 



CH2=C-CO-NH-CnH2n-N 



\ 



(I) 



another themnoplastic polymer (e.g. a polyolefin, chk>rlne-con- 
taining polymer, polyester or polyamide). 

The substame is affective In controlling numerous pliytopa- 
thogens end other industrially harmful bacteria and fungi and 
can be incorporated In various preparations and products. 
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wherein Ri represents hydrogen or metiiyl; Rz and Rs, each 
represents alltyi and n is 2, 3, 4 or 5 and optionally up to 
WVo by weight of one or more other ethylenlcaliy unsaturated 
comonomers (e.g. methyl acrylate), and has a numbn- average 
molecular weight of from 5,000 to 50,000. 
A blocidal metal Ion (e.g. Ag, Cu, Zn) can be admixed in up to 
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Description 

ANTIMICROBIAL ETHYLENE COPOLYMERS AND COMPOSITIONS THEREOF 

This invention relates to an antimicrobial substance containing an ethylene copolymer having antimicrobial 
activity as an active ingredient and an antimicrobial resin composition comprising a thermoplastic resin and the 
5 ethylene copolymer. 

Techniques for endowing resin molded articles, fibrous resin products or synthetic paper products with 
antimicrobial activity include compounding of organic chemicals or metallic compounds having antimicrobial 
activity, e.g., compounds of copper, silver or zinc, into resins; and post-treatment of fiber or paper with 
chemicals as described In JP-A-62-184ia. JP-A-62-250277. JP-A-59-66578, and JP-A-59-164342 (the term 
10 "JP-A" as used herein means an "unexamined published Japanese patent application"). 

The organic chemicals to be compounded into resins frequently involve problems of poor heat stability, 
toxicity, harmfulness, and short duration. 

The metallic Ions having antimicrobial acthnty, when merely incorporated Into resins, are liable to fall off the 
resin products during use and are therefore of short duration. In order to soh^e this problem, it has been 
15 proposed that metallic ions having antimicrobial activity are supported on inorganic solid particles having ion 
exchange ability, e.g., zeolite, and then the solid particles are incorporated into the resin as disclosed In 
JP-A-59-133235, JP-A-62-195037. and JP-A-62-195038. This technique is. however, disadvantageous, 
particularly when applied to production of fibrous products, in that the particle size of the inorganic solid 
particles should be small enough to maintain satisfactory spinnabilrty. which would Increase the cost and 
20 deteriorate dispersibiiity in the resin during thie incorporation process. 

In order to overcome the at>ove-de8crit}ed problems associated with the conventional blocldes for resins, 
the Inventors have conducted extensive investigations and. as a result, It has now been found that a copoiymer 
of ethylene and a diaikylaminoalkylacrylamlde comonomer exhibits excellent biocldal activity. 
The present Invention relates to an smtlmlcroblal substance containing, as an active Ingredient, an ethylene 
SS copolymer comprising from 40 to 95% by weight of ethylene, from 5 to 60«Vb by weight of at least one 
dialkylaminoalkylacrylamide comonomer represented by formula (I): 

30 I / 

CH2=C-CO-NH-CnH2n-N ( I ) 

\ 

^3 

35 

wherein Ri represents a hydrogen atom or a methyl group; Rz and Rs, which may be the same or different, 
each represents an alkyi group having from 1 to 4 carbon atoms; and n represents an Integer of from 2 to 5, 
and optionaliy up to 20% by weight of one or more of other ethylenlcally unsaturated comonomers, said 

40 ethylene copolymer having a number average molecular weight of from 5,000 to 50,000. 

The ethylene copolymer of the present Invention can be in the form of an aqueous dispersion of a cationlc 
polymer obtained by reacting the above-described ethylene copolymer with hydrochloric acid In water to form 
a quaternary salt and then addition-reacting an epihaiohydrin compound with the quaternaiy salt, and the 
ethylene copolymer (1) may have incorporated therein metallic ions. 

4S The ethylene copolymer, metallic ion-containing ethylene copolymer and aqueous dispersion of a cationlc 
polymer of the ethylene copolymer in accordance with the present invention are capable of controlling 
phytopathogenic bactetia and Industrially harmful microorganisms. Examples of the phytopathogenic 
microorganism on which the antibiocidal substance of the present invention is effective and the plant disease 
caused by the respective bacterium are shown below. 

SO 
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Phytopathoqenic Microorganism 
Pyricularia cryzae 

Cochliobolus miyabeanus 
Rhizoctonia solani 

Gibberella f ujikuroi 

Gibberella zeae 

Typhula sp. / Micronectriella 
nivalis 

Pseudocercosporella 
herpotrichoides 

Rhynchosporium secalis . 

Septoria tritici 

Pyrenophora graminea 
Leptosphaeria nodorum 



Plant Disease 
blast of rice plant 

helminthosporium leaf 
spot of rice plant 

sheath blight of rice 
plant 

Bakanae disease of rice 
plant 

scab of wheat (barley) 

typhula snow blight of 
wheat (barley) 

eyespot disease of wheat 
and barley 

scald of barley 

speckled leaf blotch of 
wheat 

leaf stripe of barley 
glume blotch of wheat 
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Diaporthe citri 
Elsinoe favcetti 
Penicillium diqitatum 

Penicillium italicum 
Xanthomonas citri 
Sclerobinia mali 
Valsa mali 
Alternaria mali 

Venturia inaequalis 
Aqrobacterium tumef aciens 
Venturia nashicola 
Alternaria kikuchiana 
Gymnosporanqium haraeanum 
Sclerotinia cinerea 
Cladosporium carpophilum 
Phomopsis sp. 
Elsinoe ampelina 
Glomerella cinqulata 
Gloeosporium kaki 
Cercospora kaki 

Mycosphaerella nawae 

Colletotrichum laqenarium 



melanosa of citrus 

scab of citrus 

common green mold of 
citrus 

blue mold of citrus 

canker of citrus 

blossom blight of apple 

canker of apple 

alternaria leaf spot of 
apple 

scab of apple 

crown galj. of apple 

scab of pear 

black spot of pear 

rust of pear 

brown rot of peach 

scab of peach 

phomopsis rot of peach 

anthracnose of grape 

ripe rot of grape 

anthracnose of persimmon 

angular leaf spot of 
persimmon 

circular leaf spot of 
persimmon 

anthracnose of cucumber 
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Mycosphaerella melonis 

Pseudomonas lachrymans 

Alternaria solani 
Cladosporium fulvum 
Phomopsia vexans 
Alternaria japonica 

Cercosporella brassicae 
Puccinia allii 
Pseudomonas syringae 

Erwinia carotovora 
Cercospora kikuchii 
Elsinoe glycines 



Disporthe phascolorum var . 
sojae 



Colletotrichum lindemuthianum 

Mycosphaerella personatum 
Cercospora arachidicola 
Alternaria solani 
Exobasidium reticulatum 

Elsinoe leucospila 
Alternaria longipes 
Colletotrichum tabacum 



gununy stem blight, of 
cucumber 

bacterial leaf spot of 
cucumber 

early blight of tomato 

leaf mold of tomato 

brown spot of egg plant 

alternaria leaf spot of 
crucifer 

white spot of crucifer 

rust of onion 

bacterial leaf spot of 
onion 

bacterial rot of onion 

purple speck of soybeans 

sphaceloma scab of 
soybeans 

pod and stem blight of 
soybeans 

anthracnose of kidny 
beans 

leaf spot of peanut 

leaf spot of peanut 

early blight of potato 

net blister blight of 
tea 

scab of tea 

brown spot of tobacco 

anthracnose of tabacco 
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Cercospora beticola 
Alternaria radicina 

5 

Diplocarpon rosae 
w Septoria chrysanthemiindici 



Botrytia cinerea 

15 

Sclerotinia sclerotiorum 



50 Rhizoctonia solani , 
pythium sp. 



25 



Examples of the industrially harmful microorganism on which the biocide of the present Invention is effective 

are as follows: Aspergillus sp. . Chaetomium sp .. Cladosporium sp. . Staphylococcus aureus , Escherichia coll . 
30 Rhizopus sp. . Aurebasidium sp. . Mucor sp. . Peniciiiium sp. , Bacillus sp. . Enterobacter sp. . Pseudomonas sp. . 

Saccharomyces sp. . Candida sp. . Fusarlum moniiiforme . and Triohoderma sp. 
Therefore, the ethylene copolymer containing the metallic lon-containing ethylene copolymer and the 

cationic polymer aqueous dispersion according to the present invention is useful as an active Ingredient of 

pesticides for plants or seeds; biocides for microorganism harmful to industrial products such as woods, 
35 bamboo goods, fibrous goods, paper goods, cosmetics, glass goods, coatings, and synthetic resins; sanitary 

processing agents, detergents or preservatives; and biocides for non-medical use, e.g., slime controlling 

agents and food preservatives. 
The process for producing the ethylene copolymer of the invention is not particularly iimited, and generally 

effected by a so-called high-pressure polyetiiyiene process. That is, ethylene and an acrylamide comonomer 
40 are copolymerlzed under a pressure of from 500 to 3,000 kg/cnfi at a temperature of from 100 to 300°C In the 

presence of a radical polymerization initiator. The polymerization reaction can be canied out in a batchwise. 

semi-continuous, or continuous system. To an industrial advantage, a continuous high-pressure process is 

preferred. 

For the purpose of facilitating continuous and stable feeding of the diall<ylamlnoalkylacrylamide comonomer 
45 to a high-pressure polymerization system by means of a pump or for the purpose of increasing softness of the 
resulting copolymer, ethylene and the acrylamide copolymer may further be combined, if desired, with at least 
one other ethylenlcally unsaturated comonomer which is copoiymerlzable with ethylene. In this case, the 
ethylenically unsaturated comonomer used Is copolymerlzed in a copolymerization ratio of up to StWo, 
preferably up to 15<M>, by weight Preferred examples of the ethylenically unsaturated comonomer are methyl 
50 acrylate. ethyl acrylate, metiiyl methacrylate vinyl acetate, dimethylaminoethyl methacrylate, and dimetiiyiami- 
noethyl acrylate. 

S|3ecific examples of the diaikylaminoali<yiacrylamide comonomer of formula (I) which can be preferably 
used In this invention inclu{ teJ}Ba°*^'\iBm!""ettMaimtM aiciB, dimethylaminopropylacryiamide, dimethylamino- 
butylacryiamide, diethyiaminoethylacryiamide, diethylaminopropylacrylamide, dlethylaminobutylacrylamtde, 
55 di-n-propyiaminoethylacrylamide, di-n-propylaminopropylacrylamide, di-n-propylamlnobu^lacrylamide, 
N-{1,1-dimethyi-3-dlmethylaminopropyl}acry]amide, and N-(2-methyl-3-dimethylaminopropyl)acrylamide, and 
mothacryiamlde derivatives corresponding to these acrylamide derivatives. 

Preferred of them are dimethylaminopropylacryiamide, diethylaminopropylacrylamide, dlmethylamlnoethy- 
lacrylamide, and diethyiaminoethylacryiamide, and the corresponding methacrytamides. 
60 The proportion of the diaikyiaminoalkyiacryiamide comonomer unit in the ethylene copolymer ranges from 5 
to eOVo. preferably from 15 to 55%, and mora preferably from 20 to SOfVb, by weight. 

The number average molecular weight of the ethylene copolymer falls within the range of from 5,000 to 
50,000. preferably from 8.000 to 40,000, as measured by gel-permeation chromatography (QPC) in a 
tetrahydrofuran solution using polystyrene whose molecular weight Is ioiown as a standard, if the number 
55 average molecular weight Is less than 5,000, the copolymer resin has a low strength and it is difficult for the 



leaf spot of beat 

alternaria black rot of 
beat 

black spot of rose 

leaf blight of 
chrysanthemum 

gray mold in various 
plants 

sclerotinia rot in 
various plants 

damping-off of various 
plants 
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resin to form a uniform dispersion witii other re^ns. , - , 

The ethylene copolymer can be easily mett-mixed with thennoplastic resins, such as poiy-a-oleflns (e.g.. 
poivethyiene and polypropylene), chlorine-containing resins (e.g.. polyvinyl chloride). poVesters or 
Dolvamides to thereby provide a biocldal resin composition. In this case, the ethylene copolymer is used In an 
amount of from 0.1 to 50 parts by weight, preferably from 1 to 30 parts by weight, per 100 parts by weight of the 5 
thermoplastic resin. If the amount of the ethylene copolymer Is less than 0.1 part by weight, the biocidal actMty . 
attained is not sufficient. If it exceeds 50 parts by weight, the characteristics inherent to.tfie thermoplastic 
resin are Impaired, or process-ability of the reslh composition Is deteriorated. ^, , 

While the ethylene copolymer of the Invention exhibits satisfactory biocidal activity by Itself, its biocidal 
activity can be further improved and stably sustained by incorporating a metallic ion exhibiting biocldal activity. 10 
e g a silver Ion, a copper ion or a 2lnc ion. by means of absorption or mixing. 
'The amount of the biocidal metallic ion to be incorporated Into the ethylene copolymer Is subject to variation 
depending on the end use but is preferably not more than S<VO by weight, if tt is more than so/o by weight, there 
arise problems, such as changes of physical properties of the resin. ^, ^ ^ u. - ■ 

Incorporation of the metallic Ion Into the ethylene copolymer can easily be achieved by meit-mixing a 15 
thennopiastlc resin and the ethylene copolymer, processing the mixture into films, sheets, fibers, woven 
fabric non-woven fabric, molded articles, or the like, or soaking the products in an aquwjus solution of the 
Intended metal salt. In some applications InvoMng a dyeing process, dyeing and metallic ion absorptton. may 
be achieved simultaneously by Incorporating the metallic ion into a dye bath, thereby simplifying the process 
for imparting a biocldal activity. It is also possible that the metallic ion is absort>ed in pellets or powders of the 20 
ethylene copolymer, followed by drying, and then the metallic lon-contdning ethylene copQiymer is mixed with 
other resins for molding or processing. - « „ 

The cationlc polymer aqueous dispersion of the ethylene copolymer according to the present inyenhon can 
be obtained, for example, by adding from 5 to 35 parts by weight of the ethylene copolyrner pellets to 100 parts 
by weight of water, further adding thereto from 80 to 150 parts by mole of hydrochloric acid per 100 parts by 25 
mole of the amino group in the ethylene copolymer, stirring the mixture at 60 to 100° C for 30 to IZO minutes. 
and adding from 80 to 150 parts by mole of an epihatohydrin compound per 100 parts by mole of the ammo 
groupintheethylenecopolymer,followedbystiningtheinixtureat40to90°Cfor30to300minutes. 

When the ethylene copolymer, metallic ion-containing ethylene copolymer or aqueous dispersion of the 
cationic polymer of the ethylene copolymer according to the present invention is used as an active ingredient 30 
of biocides It may be used solely in the form of moldings, such as powders, pellets, films, sheets or fibers, 
without being combined with any other components, if desired, ft may be mixed with soBd canriers. liquid 
carriers surface acHve agents or other adjuvants for preparations and formulated into various preparation 
fomis such as wettabie powders, suspensions, dusts and aqueous suspensions. The content of theactive 
ingredient in these f^eparations usually ranges from about 0.1 to 95.0%. preferably from about 02 to 90%. by 35 

*^tSb solid carrier to be used includes fine powders or granules of kaolin clay, attapulgite clay, bentonlle. acid 
clay, pyrophyilite. talc, diatomaceous earth, caicite. comcob, nutshell, urea, ammonium sulfate and synthetic 
hydrous silicon hydroxide. The Ikjuld carrier Includes water. , , ^ 

The surface active agent to be used for emulsiflcation. dispersion or wetting includes antonic surface active 40 
aqents eg alkylsutfates. alkyi- or arylsulfonates. dialkyisuifosuccinates. polyoxyethylene ailcylaryi ethers, 
phosphates, and a naphthalenesuifonic acid-formalin condensate; and nonionte surface active agents, e.g.. 
polyoxyethylene alkyi ethers, polyoxyethylene polyoxypropyiene block copolymers. sort)itan fatty acid esters, 
and polyoxyethylene sorbitan fatty acid esters. . . , w 

ThV adjuvants for preparations include lignin sulfonates, alginates, polyvinyl ataohd, gum arabw. 4S 
carboxymethyi cellulose (CMC) and ackl Isopropyl phosphate (PAP). 

When the ethylene copolymer, metallic ion-contsdning ethylene copolymer or aqueous diapers on of the 
cationfc polymer of the ethylene copolymer according to the present invention is used as an active Ingredient 
of blocWes. it is utilized e.g. as impregnated papers, paper diapers, wail papers, packaging material for 
clothing or food, air filters, sheets, constructional boards, and mlldewproofing coatings, either alone or In SO 
combination with a support, e.g.. paper, plastics Inorganic boards in *e Jom of Fiqulds emijsto^^ 
suspenstons. pastes, granules, powders, films, porous films, sheets, fibers, molded articles or other forms In 
addition to the above-described preparations. ^ , k„ ™~oh ^-m. 

The ethylene copolymer or metallic ion-containing ethylene copolymer of the Invention can be mixed with 
various thermoplastic resins, e.g.. poly-a-oleflns (e.g., poVethylene. polypropylene), chionne-contalnlng S5 
resins (e.g.. polyvinyl chloride), polyesters, and polyamldes. to provide a biocldal resin composition. 

The resin composition according to the present Invention can be processed to obtain steln-reslstant. 
mlldewproofing and biocidal resin products in the form of films (e.g.. packaging films, refuse bags) sh^ts 
(e.g., viraJI papers), molded articles (e.g.. bathroom fittings, washing machine fittings, kitchen fittings), fibers. 

*"Th?re'sh "composition comprising the ethylene copolymer or metallic ion-containing ethylene copolymer 
and poly-a-oleflns (e.g., polypropylene, polyethylene) or polyesters can be spun to obtain fibrous products. 
Tlie fiber containing the ethylene copolymer or metallic ion-containing ethylene copolymer of tlie invention 
maybe spun into fibrous products together with poly-a-oiefin fibers, polyester fibers, polyamide fibers, acrylic 
fibers and natural fibers. These fibrous products are utilized as deodorizing and biocklai clothing, such as 
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deodorizing socks, or net products, such as fishing nets. 

The ethylene copolymer or metallic Ion-containing ethylene copolymer of the invention can further be 
combined with polypropylene resins, polyethylene resins, or polyamlde resins to obtain core-sheath or parallel 
conjugated fibers, which are processed Into woven or non-woven fabric useful, for example, as filters of air 
5 conditioners, household goods (e.g., bedclothes) or sanitary goods. 

The present invention is now illustrated in greater detail Avith reference to the following Reference Examples, 
Preparation Examples, Test Examples and Examples, but It should be understood that the present Invention Is 
not deemed to be limited thereto. In these examples, all the percents and parts are by weight unless otherwise 
indicated. 



REFERENCE EXAMPLES 1 TO 8 

In a 2 ^-volume autoclave type continuous reaction vessel equipped with a stirrer were continuously fed 
15 liquefied ethylene, a dialkylamino(meth)all<ylacrylamide comonomer (as an SOVo methanol solution), an 
ethylenlcally unsaturated comonomer, t-butyl peroxypivalate (as a 2<Vb n-heptane solution) as a polymerization 
initiator, and methytcydoiiexane as a chain transfer agent as shown in Table 1 below, and copolymerization 
was carried out under a pressure between 1,700 and 1 ,900 itg/cm^ at a temperature between 170 and dO'C as 
indicated in Table 1 to prepare ethylene copolymers (designated as EC-1 to EC-8). 
20 The melt index (Ml) of each of the resulting ethylene copolymers was measured according to JIS K-6760 (at 
igO°C). The copolymerization ratio of ethylene/dlmethylaminopropyl(meth)acrylamlde/ethylenicaily unsatu- 
rated comonomer In the ethylene copolymer was determined by elemental analysis. The number average 
molecular weight of the ethylene copolymer was measured by QPC with a polystyrene sample whose 
molecular weight is known (produced by Tosoh Corporation) as a standard. The results of these 
^ determinations are shown in Table 1. 
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REFERENCE EXAMPLES 9 TO 12 

5 In a 1000 ml-vdume glass flask were charged 360 g of water, 100 g of pellets of an ethylene copolymer 
comprising ethylene and a dialkylaminoalkyl(meth)acrylamide, and 38<Vb hydrochloric acid In an amount of from 
1.0 to 1.3 moles per mole of the amino group In the ethylene copolymer. The temperature of the mixture was 
elevated from room temperature to 100°C over 30 minutes while stirring, and the stirring was continued at 
100°C for 60 minutes under refiuxing, whereby the pellets were disintegrated to obtain a viscous slurry 

10 (solid-liquid mixture). 

Subsequently, the sluriy was cooled to 80° while stirring, and epichiorohydrin was added thereto dropwise 
over 30 minutes in an amount of from 1.0 to 1.5 moles per mole of the amino group In the ethylene copolymer. 
The stirring was continued at 80° C for an additional period of 270 minutes to obtain pale brown uniform 
aqueous dispersions of catlonic polymer (designated as S-1 to S-4). The pH at TS'C, the viscosity at 25°C, and 

15 the solids content of the aqueous dispersion were as shown In Table 2. The solids content was measured by 
heating the aqueous dlsf>erslon in hot air at 100°C to vaporize the water content and wreighing the residue. 
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REFERENCE EXAMPLE 13 

5 In the same reaction vessel as used in Reference Example 1 were continuously fed liquefied ethylene. 

dimethylaminoethyl melhactylate as a comonomer, and t-butyl peroxypivalate (as a 2«Vb n-heptane solution) as 

a polymerization initiator, and copolymerizatlon was effected under a pressure of 1,900 kg/cm^ at a 

temperature of 170° C to obtain an ethylene copolymer. 
The resulting ethylene copolymer had a melt index of 290 g/10 min as measured in accordance with JiS 
10 K-6760 at igO'C, and the copolynrorizatlon ratio of dimethylaminoethyl methacrylate was found to be 43<M) 

(corresponding to 12 moitMi) by elemental analysis. 

PREPARATION EXAMPLE 1 

15 

Each of the ethylene copolymers EC-1 to EC-4 as prepared in Reference Examples 1 to 4 was pulverized 
under freezing to obtain a resin powder having an average particle size of 100 nm. Ten parts of the resin 
powder. 3 parts of calcium iignin sulfonate, 2 parts of sodium lauryl sulfate, 45 parts of synthetic hydrous 
silicon hydroxide, and 40 parts of kaolin clay were thoroughly mixed to prepare a 10<Vb wetlabie powder of 
20 EC-1, EC-2, EC-3, or EC-4, respectively. 



PREPARATION EXAMPLE 2 

^ Each of the ethylene copolymers EC-5 to EC-8 as prepared in Reference Examples 5 to 8 was pulverized 
under freezing to obtain a resin powder having an average particle size of 100 \im. Two parts of the resin 
powder, 88 parts of kaolin ctey, and 10 parts of talc were thoroughly mixed to obtain a 2fVo wettable powder of 
EC-5, EC-6. EC-7. or EC^. respectively 
The btocldal activity of the ethylene copolymer of Uie present invention and the aqueous dispersion of the 

30 cationic polymer thereof was evaluated In the following Test Examples. 



TEST EXAMPLE 1 



35 

Antimicrobial Spectrum on Phytopathogenio Microorganism 
Each of ttie 100* wettable powder of EC-1, 10«>/b wettable powder of EC-4. and S-1 vwas added to a 

potato-sucrose agar (PSA) medium at a concentration of active ingredient of 10.000 ppm. The mixture was 

poured into a petii-dish of 9 cm In diameter and gelled. A cell suspension, a spore suspension, or a mycelial 
40 disc of microorganism was inoculated to the center of the medium plate and incut>ated at 25° C. 

The growtti of the microorganism vras observed, and a growth inhibitory effect was evaluated according to 

the folbwing rating system. The results obtained are shown in Table 3. 

4 lOOfVo growth Inhibition 

3 90(yb or more growth inhibition 
45 2 60<^ to 89<M> growth inhibition 

1 60IM) or less growth inhibition 
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TABLE 3 

Sample No. 



Test Bacterium 


EC-1 


EC-4 


S-L 


Aarbbacterium tumefaciens 


2 


4 


4 


Erwinia carotovora 


2 


. 3 


4 


Pseudomonas lachrymans 


2 ■ 


4 


4 


Pseudomonas svrinqae 


2 


4 


4 


Xanthomonas citri 


2 


. 3. 


4 


Alternaria radicina 


1 


1 


2 


Pvricularia oryzae 


1 


1 , 


2 


Cochliobolus miyabeanus 


1 


1 


2 


Rhizocionia solani 


1 


1 


2 


Gibberella fuiikuroi 


1 


1 


2 


Pseudocercosporella herpotrichoides 


1 


1 


2 
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TABLE 3 {cont'd) 

Test Bacterium 

Rhynchosporium secalis 
Septoria tritici 
Pvrenophora graminea 
Penicillium diqitatum 
Sclerotinia mali 
Valsa mali 
Venturia inaequalis 
Aspergillus glaucus 
Aspergillus niger 
Aureobasidium pullulans 
Chaetomium glubosum 
Cladospor ium herbarum 
Fusar ium moniliforme 
Mucor spinescens 
Penicillium citrinum 
Bacillus subtilius 
Enterobacter aerogens 
Pseudomonas aeruginosa 
Saccharomyces cerevisiae 
Candida tropicalis 



Sample No. 



EC-1 


EC-4 


S-1 


1 


X 


/ 


1 


JL 




1 


1 


•1 

/ 


1 


1 


Z 


1 


1 


*) 
Z 


1 


1 


2 


1 


1 


2 


2 


2 


3 


2 


1 


2 


1 


1 


2 


1 


2 


3 


1 


2 


3 


1 


1 


2 


1 . 


1 


2 


1 


1 


2 


2 


4 


4 


2 


4 


4 


2 


4 


4 


4 


2 


3 


2 


2 


3 



14 



EP 0 331 528 A1 



TEST EXAMPLE 2 

5 

Antimicrobial Activity on Direct Contact with Bacterium 

~ Tlie antimicrobial activity of the ethylene copolymer or the aqueous dispersion of Its cationic polymer was 
evaluated as follows. Under the condition used in this test, resin materials are often brought Into direct contact 
with bacteria. 

10 

Test Bacterium: Pseud<wnonas syringae 

Medium: PG medium (comprising 2 g of polypeptone, 5 g of glucose, and t ^ of water) 

Test Method: ^. 

An aqueous suspension of each of EC-2, 3, and 5 to 8 and S-2 to 4 was suspended in a PG medium to a 
prescribed concentration, and 108 cells of the test bacterium were inoculated thereto per milliliter and cultured 
at 27°C for about 20 hours by shaking culture. The growth inhibition (Afe) was obtained from absorbance 
measured by means of a spectrophotometer. The results obtained are shown in Table 4 below. 



TABI-E 4 



Sample 


Concn. of 


Absortj- 


Percent 


No. 


Sample 
(Rjm) 


ance 


Inhibition 

m 


EC-2 


1000 


0.000 


100 


EC-3 


10C0 


0.000 


100 


■ 


500 


0.031 


91 


EC-5 


1000 


0.011 


99 


EC-6 


1000 


0.000 


100 


EC-7 


1000 


0.000 


100 




500 


0.024 


98 


EC-8 


1000 


0.000 


100 


S-2 


1000 


0.000 


100 


S-3 


1000 


0.000 


100 




500 


0.000 


100 


S-4 


1000 


0.009 


99 


Com- 


10000 


0.890 


0 


parative 
Sample* 
















1000 


0.893 


0 




500 


0.891 


0 


Control** 




0.892 


0 



30 



35 



40 



(un- 
treated) 
Note: 



* A sample prepared in the same manner as In ^ 
Preparation Exsmnpie 1 but using the ethylene 
copolymer prepared In Reference Example 13. 
** Only the PQ medium. 

65 



REFERENCE EXAMPLE 14 
Ethylene copolymers of Table 6 below were prepared In the same manner as In Reference Examples 1 to 8. 



fi5 
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TABLE 5 

Monomers Sample No. 

(wfW)): 

A B C D E F G 

Ethylene 56 72 82 65 67 90 45 

Dimethy- 44 28 18 - 25 10 55 

lamino 

propylacryla- 

mide 

Dimethy- . - - 35 - - - 

lamino 

propylme- 

thacrylamlde 

Dimethy- . . - - 8 - - 

lamino ethyl 

methacryiate 

Number 28000 32000 19100 11500 17400 45000 9200 



^ Average 
Molecular 
Weight* 
Note: 



* Measured t>y GPC on a polystyrene standard 



EXAMPLE 1 

Each of Samples A to E as prepared in Reference Example 14 was l<neaded with various resins In an 
extruder having a diameter of 30 mm (L/D =20) under the conditions shown In Table 6 below, to obtain 5 l<g of 
pellets. 

The pellets were supplied to a spinning machine comprising an extruder having a diameter of 25 mm 
35 (L/D = 1 5) having, at the output end thereof, a spinning nozzle having 1 2 orifices each having a diameter of 0.8 
mm, melt-spun under conditions of 1 kg/hr in extrusion rate and 450 m/min In take-up rate at a temperature 
shown in Table 6, and stretched three times while running on a hot ptate to obtain multifilament samples having 
a fineness of 10 denier/filament (designated as F-1 to F-7). 
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TABLE 6 

r" 

Sample No. 

~F-i F-2 F-3 . _F::4_ _Fr5_ _j:r6- -gll 

Composition (part) : 

Ethylene A B 

Copolymer (4) (4) 

Thermoplastic R-1 R-1 
Resin* (100) (100) 

Kneading 210 210 

Temperature (°C) 

Spinning 210 210 

Temperature ("C) 

Note: * R-1: Noblen® FL-800 (a trade name for poly- 
propylene having an MFR of 10 g/10 min, ^ 
produced by Sumitomo Chemical Co., Ltd.) 
R-2: A1030 BRL (a trade name for polyamide-6, so 
produced by Onitika Ltd.) 

35 

R-3: Maranyl® A-125 (a trade name . for 

40 

polyamide-66, produced by ICI Inc.) 
R-4: MA 2103 (a trade name for polyethylene 

terephthalate, produced by Unitika Ltd.) 
R-5: TOFPET® N1200 (a trade name for poly- 

butylene ter ephthala t e , produced by so 

Mitubishi Rayon Co., Ltd.) 

ss 



B 


C 


C 


D 


E 


(6) 


(10) 


(10) 


(4) 


(2) 


R-1 


R-2 


R-3 


R-4 


R-5 


(100) 


(100) 


(100) 


(100) 


(100) 


210 


270 


270 


280 


280 


210 


270 


270 


280 


280 



EXAMPLE 2 



Ten qrams of each of Samples F-1 to F-7 was immersed In 300 ml of an aqueous solution of a metal ssSt 
shown Tn Table 7 at 60» C for 30 minutes to adsorb the metallic Ion on the filaments. The sample was thoroughly 
S«^hed with deionized water and dried at 50^C for 6 hours. Then, the sample was dyed wrth an ac,d dye 
Sumlnol* Fast Blue PR cone (produced by Sumitomo Chemical Co., Ltd.) at a pH of from 3 to 5 at a 
temperature of lOCC for 30 minutes. The dyed samples were designated as D-1 to D-14. For referenca, 



60 



65 



17 



EP 0331528 A1 



filaments having no metallic Ion adsorbed thereon were similarly dyed (designated as D-15). 

A part of the resulting dyed sample was repeatedly washed with a 1 g// solution of a detergent Kao Attack* 
(a trade name, produced t>y Kao Corporation) at SO^C for 10 minutes. 

The metallic ion contents in the sample before dyeing and before and after the washing were measured by 
atomic-absorption spectroscopy after ashing and dissolving with an acid and, as a result, it was revealed that 
the metallic Ion was substantfally retained even after washing with a detergent. The results are shown in Table 
7. 
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TEST EXAMPLE 3 

5 

Antimicrobial Activity on Fungus 
The antJmioroblai activity of the dyed samples D-1 to D-15 to a fungus v^as evaluated as follows. 

Test Fungus: 

10 

Cladosporlum herbarum. Rhizopus nigricans, and Trichodenna sp. 
Test Method: 

One gram of each of the samples was placed into a petri-dish. A suspension of spores of the test fungus in 
IS an aqueous solution of Inorganic salts (comprising 0.7 g of KH8P04. 0.7 g of K2HPO4. 0.7 g of MgS04 • 7H2O, 

1.0 g of NH4NO3. 0.005 g of NaO, 0.(XJ1 g of MnS04 7H20. 0.002 g of FeS04-7H20, 0.002 g of ZnSO4-7H20. 

and 1 of water) was spray-inoculated to the sample and incubated at 27°C and at a high humidity for one 

month. The growth of the fungus was observed and evaluated according to the following rating system. The 

results obtained are shown In Table 8. 
20 + + + Growth of Oie fungus was observed on the half or more of the sample. 

+ + Growth of the fungus was observed on the quarter to half of the sample. 

+ Growth of the fungus was observed on about the quarter of the sample. 

± Slight growth of the fungus was observed on ttie sample. 
No growth of the fungus was observed on the sample. 

TABLE 8 



35 



45 



Sample No. 


Growth of Fungus 


D-1 




D-2 




[3-3 


± 


D-4 


± 


D-5 


± 


D-6 




D-7 


± 


D-8 




D-9 


+ 


D-10 




D-11 




D-12 




D-13 




D-14 




D-15 


+ 


Control* 


+ + + 


Note: 




* Polypropylene fiber 





so 



TEST EXAMPLE 4 

55 

Antimicrobial Activity on Bacterium 

The antimicrob!^ activity of the dyes samples D-1 and D-6 on Pseudomonas syrlngae was evaluated as 
follows. 

Each sample was suspended in a PG medium in a prescribed concentration, and the test bacterium (lO^ 
60 cells/ml) was inoculated to the medium and shake-cultured at 27° C for about 20 hours. The culture was flHered 
through a filter paper, and the turbidity was measured with a spectrophotometer to evaluate the degree of 
growth inhibition («Vb). The results obtained are shown in Table 9. 
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TABLE 9 



Sample 


Sample 


Absorb- 


Percent 




No. 


Concn. 


ance 


InhlKMnn 






m 




m 


5 


D-1 


10 


0.00 


100 




D-1 


1 


0.00 


100 




D-6 


10 


0.00 


100 




Contror 


10 


0.85 


0 


10 


Note: 










* Polypropylene fiber 









IS 



TEST EXAMPLES 



An timicrobial Activtty on Fungus _ ,„ *k„ 

The antimicrob ial activity to fungi of Samples F-1 to F-7 prepared In Example 1 was determined In the same 

manner as In Test Example 3. The results obtained are shown in Table 10. .... ^ 

Table 10 also shows the results obtained with respect to a comparative sample containing only the 

themioplastlc resin (R-1). 



TABLE 10 



-VS.6 |Sample No. 



Resin Composition (part): 

Ethylene Copolymer 

Thermoplastic Resin* 

Copper Content [wWo) 
Growth of Fungus 
Note: 

* R-1, R-2, and R-4 are as specified in the footnote of Table 6. 

As demonstrated in ttie foregoing test examples, the antimicrobtel resin composition according to the 
present invention exhibits excellent antimicrobial activity on various harmful microorganisms and is ttierefore 
useful as an active Ingredient of antimicrobial preparations as well as mlldewproofing, stain-resistant and 
antimicrobial resin products. 



20 



2S 



T-1 


T-2 


T-3 


T-4 


T-S 


T-6 




Comp. 




B 


B 


B 


B 


F 


Q 


B 




30 


(4) 


(10) 


(4) 


(4) 


(40) 


(10) 


(0.5) 






R-1 


R-1 


R-2 


R-4 


R-1 


R-1 


R-1 


R-1 




(100) 


(100) 


(100) 


(100) 


(100) 


(100) 


(100) 


(100) 




0.008 


0.017 


0.005 


0.005 


0.025 


0.002 


0 




35 


± 




± 


± 




+ 


+ 


+ + + 
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Claims 

1 An antimicrobial substance containing, as an active Ingredient, an ethylene copolymer comprising 
from 40 to 95«Vb by weight of ethylene, from 5 to 60% by weight of at least one dialkylaminoalkylacrylamide so 
comonomer represented by fomnula (I) : 



CH2=C-CO-NH-CnH2n-N ( ^ ) 

\ 



^3 



wherein Ri represents a hydrogen atom or a methyl group: Ra and Rs. which may be the or 
different each represents an allcyl group having from 1 to 4 carbon atoms; and n represents an integer pf 
from 2 to 5. and up to 20<Vb by weight of one or more of other ethylenlcally unsaturated comonomers. said 
ethylene copolymer having a number average molecular weight of from 5,000 to 50,000. 
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2. An antimicrobial substance as claimed in claim 1. wherein said dlalkylamlnoalkylacrylamlde 
comonomer is selected from dlmethylaminopropylacrylamlde. dimethylamlnopropylmethacrylamide. 
diethylaminopropylacrylamlde. diettiylamlnopropylmethacrylamide. dimethylamlnoethylacrylamlde, dl- 
me\hf\ amlnoethylmethacrylamlde, diethylamlnoethylacrylamide and diethylaminoethylmethaorylamide. 
5 3. An antimicrobial substance as claimed In Claim 1 or 2, wherein said ethylene copolymer Is In the form 

of an aqueous dispersion of a oatlonic polymer which is obtained by reacting the ethylene copolymer with 
hydrochloric acid in water to form a quaternary salt and then addition-reacting the quaternary salt with an 
epihalohydrln. 

4. An antlmlcroblal substance as claimed in aaim 1 , 2 or 3, wherein said ethylene copolymer contains a 
10 metallic ion. 

5. An antimicrobial substance as claimed in clsdm 4, wherein said metallic ion Is at least one of a silver 
Ion, a copper ion and a zinc ion. 

6. An antimicrobial substance as claimed in any of Claims 1 to 5, wherein said other ethylenically 
unsaturated comonomer Is selected from methyl acrylate. ethyl acryiate, methyl methaorylate, vinyl 

15 acetate, dlmethylaminoethyl methacrylate and dlmethylaminoethyl acrylate. 

7. An antimicrobial resin composition as claimed in any preceding claim, in the form of an aqueous 
dispersion. 

8. An antimicrobial resin composition comprising 100 parts by weight of a thermoplastic resin and from 
0.1 to 50 parts by weight of an ethylene copolymer as defined In any of Claims 1 to 6. 

20 9. A method of controlling harmful micro-organisms, comprising applying an antimicrobial substance as 

claimed in any of Claims 1 to 7 to said microorganisms. 
10. A method of controlling harmful micro-organisms, comprising applying an antimicrobial resin 
composition as claimed in Claim 7 to said microorganisms. 
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